2014 La dépendance en température de la conductivité électrique a été étudiée pour une céramique AlN pressée à chaud ayant divers pourcentages de porosité en volume (0,2 à 15 %) dans l'intervalle de température de 500 à 950 K. Il a été observé que la conductivité électrique décroît de deux ordres de grandeur quand le pourcentage de porosité en volume passe de 0,2 à 15 %. L'effet de l'humidité sur la conductivité électrique a aussi été étudié sur les mêmes échantillons d'AlN. Les échantillons ayant une petite porosité (jusqu'à 4 % en volume) ne présentent aucun effet appréciable de l'humidité sur la conductivité électrique. Toutefois, à porosité plus grande (15 % en volume), la conductivité s'accroît de trois ordres de grandeur après exposition à l'humidité.
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Introductioa
Kohn and his associates [1] at US Bureau of Mines first found that small crystals of aluminium nitride (AIN), prepared at high temperatures, were inert to hot and cold minéral acids and alkali solutions. Other workers who found aluminium nitride a relatively stable material are Rey [2] , Renner [3] and Long and Foster [4] . It is now well established that aluminium nitride, prepared at high temperatures, is quite stable and may have application as refractory. The mechanical properties of this material has been studied in detail [5] [6] [7] [8] but not much work have been done on electrical properties. One of us studied the dielectric behaviour of hot pressed AIN ceramic with and without additives and found [9] that dielectric losses are appreciable (*) Work supported by Council of Scientific and Industrial
Research, New Delhi, India. only at low frequencies and high temperatures. This study showed that AIN can also be used as a dielectric material in capacitors. The electrical conductivity measurements, particularly at high temperatures, are very important to check the insulating ability of hot pressed AIN ceramic at high temperatures. The porosity is an important parameter on which the electrical conductivity may dépend. A study of the effect of moisture on electrical conductivity is also important if one uses this material for insulation. The aim of the present work is to study the conductivity as a function of temperature (500 K to 950 K) for hot pressed samples of AlN having different volume percentage of porosity (0.2, 4, 9 and 15 %). The effect of moisture on electrical conductivity has also been studied on the same samples by keeping annealed samples in air for a certain time period Section 2 describes the experimental détails. Results have been presented and discussed in section 3. The last section deals with the conclusions of the present work.
Experimental détails.
Hot pressed samples of AIN having différent volume percentage of porosity were obtained from the Laboratoire de Céramique Nouvelles, Université de Limoges (France), These samples were prepared using commercial powder of AIN (99 % pure, grain size 50 nm) obtained from Koch Light, U.K. Hot pressing was done by applying a pressure -20 MPa for about 30 min at temperatures between 1 500 to 1 700 OC. The samples were in the form of pellets (dia -1.5 cm and thickness -0.5 cm).
Electrical conductivity was measured by mounting the sample (sandwitched between two steel electrodes) inside a sample holder where temperature was varied from room temperature to 950 K and a vacuum 10-2 torr was maintained in the entire temperature range. The temperature was measured by mounting chromel-alumel thermocouple near to the sample. A dc. voltage of 30 volts was applied across the sample and the resulting current was measured using a 3 and 1 /2 digit digital pico-ammeter (Achme, model SD-100) having a least count of 1 PA in the lowest range. The heating rate was kept quite small (2 K/min) for the measurement of conductivity at different temperatures.
Unco a ted pellets were used for the conductivity measurements. Though the use of uncoated pellets raises the question of contact uniformity, uncoated pellets were preferred for the present measurements to avoid the electrode migration into the sample at high temperatures. A small error due to nonuniform contact will not change the conclusions of the present study significantly as the results are compared with each other under the same experimental conditions and the relative error will therefore not be too large.
For annealing, the samples were mounted in the sample holder and the temperature was varied slowly to 800 K in a vacuum _ 10-2 torr. After annealing the sample for one hour, they were cooled to room temperature inside the sample holder in the presence of vacuum. The temperature was again raised slowly to measure conductivity as a function of temperature.
The effect of moisture was studied by keeping the sample in a open container in air having no significant pollution and mean relative humidity 65 % for a known time pcriod The conductivity was again measured in presence of a vacuum _ 10-2 torr but without annealing in this case.
Results and discussions. 3.1 EFFECT OF POROSITY ON ELECTRICAL CONDUC-
TIVITY. - Figure 1 shows the temperature dependence of conductivity (7) for hot pressed samples of AIN having different volume percentage of porosity (0.2, 4, 9 and 15 %). These measurements were made after annealing the sample in vacuum. It is clear from figure 1 For all the four samples studied, the values of AE and u at a particular temperature (650 K) are given in table I and plotted in figure 2 (a-b). It is clear from this figure that a decreases and AE increases as the volume percentage of porosity increases. However, no linear relation is found between u and volume percentage of porosity.
The effect of porosity on electrical conductivity is generally interpreted using two phase model, one having small but finite conductivity of the solid phase and the other having very small (almost negligible) conductivity of the pores. Considering the simple model [10] of parallel slabs, the net conductivity (Q), considering the current flow parallel to the slab, can be written as where u p and Us are the conductivity and fp and fs are the volume fraction of the pore and solid phase respectively. Since 6p QS, the net conductivity (a) will decrease linearly with porosity as fs decreases linearly with the increase of porosity. The activation energy for conduction should however not depend upon porosity in the case of above analysis.
The above analysis is applicable only when isolated spherical pores are assumed in a continuous solid phase. When a continuous pore phase is assumed, the conductivity decreases much faster as porosity increases and levels off at higher porosity [10] .
Our conductivity results figure 2b show that the conductivity between 0.2 and 4 volume % decreases slowly (a change by a factor of 1.3 only could be observed). However, when porosity increases further, a sharp decrease (by a factor of 20) in conductivity is observed between 4 and 9 volume % of porosity. The conductivity levels off at higher porosity 15 %. This type of behaviour shows that the simple two phase model described above cannot be applied in the entire porosity range (0.2 to 15 volume %). Our results between 4 and 15 volume %, however, seems to be closer to the case of continuous pore structure in solid phase. The different behaviour in the low porosity range ( 4 volume %) and high porosity range (&#x3E; 4 volume %) may be attributed to a transition from closed porosity to open porosity. This fact will be emphasized later in'this paper.
EFFECT OF MOISTURE ON ELECTRICAL CONDUC-
TIVITY. - The effect of moisture on electrical conductivity has also been studied in all the four samples of hot pressed AIN having different volume percentage of porosity (0.2, 4, 9 and 15 %). The samples having small percentage of porosity (0.2 and 4 %) did not show an appreciable change in conductivity in the working temperature range. However, the samples having higher porosity showed an appreciable change in conductivity at all temperatures when exposed to air (mean relative humidity 65 %) after annealing. Figures 3 and 4 show the results of such measurements on hot pressed samples of AIN having volume percentage of porosity 9 and 15 %.
It is clear from figure 3 that conductivity increases by one order of magnitude after keeping the annealed sample in air for one month. 'The effect of moisture is much more in sample having 15 % porosity (see Fig. 4 ). It is clear from this figure that an exposure of air for even one day changes the conductivity quite appreciably. After an exposure of one month, conductivity becomes three orders of magnitude higher than the annealed state at lower temperatures around 650 K.
The effect of moisture can be understood by considering the absorption of water vapours into the pores and hence increasing the effective conductivity of the sample. As the sample is heated to higher temperatures, the water comes out of the pores and conductivity therefore decreases after annealing at higher temperatures. As the water comes out of the pores at different temperatures, the conductivity, unlike annealed samples, does not increase exponentially with single activation energy (see Fig. 4 ).
If the above explanation is accepted, the curves of figures 3 and 4 must meet at higher temperatures (more than the annealing temperature). However, our results of figures 3 and 4 show a difference in conductivity between annealed state and after moisture exposure even at the highest temperature used This opens two possibilities (i) temperature rate during heating is high (ii) diffusion of oligo-elements during exposure to moisture.
No irreversible change was found after moisture exposure as after annealing for one hour again, the moist sample retums back to its original annealed state. The possibility of the diffusion of oligo-elements may therefore be neglected in the present case. The difference in the curves of figures 3 and 4 at higher temperatures may be attributed to the slightly higher heating rate.
Our results of moisture exposure on electrical conductivity show a sharp difference for samples having low porosity ( 4 volume %) where no change in conductivity was observed and for higher porosity ( 9 volume %) where an appreciable change in conductivity has been observed (see Figs. 3 and 4) . These results show a drastic change in the nature of pores as the volume percentage of porosity changes from 4 to 9 %.
Boch et al. [11] at the University of Limoges (France) from where the samples for the present study have been obtained, have measured the closed and open porosity as a function of total porosity in hot pressed AIN samples. They have reported [11] that at low percentage of total porosity (up to 6 volume %), the open porosity is almost negligible and samples have mostly closed porosity. However, as the total porosity increases more than 6 volume %, the open porosity increases rapidly and closed porosity starts decreasing after attaining a maximum. Temperature dependence of conductivity has been studied for hot pressed samples of AIN having different volume percentage of porosity. The effect of moisture has also been studied on the same samples. From these studies, the following conclusions can be drawn.
i) The electrical conductivity of hot pressed AIN ceramic is quite small ( 1 O-i l g-1 cm-1) below 650 K. The conductivity increases exponentially as the temperature is increased and at higher temperatures (950 K), an appreciable conductivity (&#x3E; 10-8 g-1 cm-1) is observed in these samples.
ii) The electrical conductivity decreases by two orders of magnitude as the porosity increases from 0.2 to 15 volume percent. The activation energy increases with the increase of porosity.
iii) The effect of moisture is negligible at low concentration of porosity (up to 4 %). However, at higher concentration of porosity (9 to 15 %), conductivity increases quite appreciably when annealed samples are exposed to air. These results show that a transition from closed porosity to open porosity takes place as the total porosity increases from 4 to 9 volume %. This is in agreement with Boch et al. [11] . iv) Low porosity samples of hot pressed AIN can be used for electrical insulation below 650 K without having appreciable effect of moisture absorption.
